Background: Few investigators have examined whether cognitive deficits predict poorer self-care of weight management recommendations and weight gain in adults with heart failure. Objective: The purposes of this study were (1) to examine whether cognition is associated with adherence to daily weighing and weight gain incidence and (2) to explore self-reported symptom perception and management when a weight increase occurs. Methods: In this observational study, participants completed neuropsychological testing, were given an electronic scale, and were instructed to record their weight for 21 days. Data for 301 participants were collected at baseline and 3 weeks after weight monitoring. Results: At baseline, only 35% of the enrolled respondents knew when to call their physician for increased weight gain, and 37% of the analyzed sample (n = 110/301) experienced a clinically significant weight gain. Regressions tested whether baseline attention, executive function, or memory predicted adherence to daily weighing and the likelihood of weight gain incidence. In unadjusted and adjusted covariate analyses, none of the cognitive domains predicted adherence to daily weighing (P Q .375); however, all 3 cognitive domains predicted an increased risk of a clinically significant weight gain (P e .05). Importantly, 65% of participants with a weight gain did not identify this symptom on self-report questions. Conclusions: Although cognitive deficits are not associated with adherence to daily weighing, adults with cognitive deficits may be at an increased risk for experiencing a clinically significant weight gain, and most do not perceive symptoms. Clinical Implications: Adults with heart failure require more than directions on self-care related to weight monitoring.
H eart failure (HF) is associated with significant physical and emotional concerns, 1,2 as well as cognitive consequences. 3, 4 Heart failureYrelated cognitive deficits predict hospitalization and mortality over and above the physical symptoms of the disease 5 and are linked to high rates of disability. 6 Despite the clinical significance of HF-related cognitive impairment, few investigators have examined specific mechanisms for why cognitive deficits are associated with poorer heart failure outcomes. Riegel et al, 7 in their Situation-Specific Theory of Heart Failure Self-Care, state that effective self-care relies on maintenance, symptom perception, and symptom management. Cognitive deficits predict poorer self-reports of self-care such as maintenance of daily tasks 8 and self-management of symptoms, 9 reflecting the complexity of heart failure management.
Daily weighing is recommended in the American College of Cardiology/American Heart Association guidelines for the management of heart failure. 10 The primary function of daily weighing is to detect rapid increases in weight, an indicator of fluid retention or decompensating HF and a contributor to hospitalizations. 11, 12 Despite the observed benefits of daily weight monitoring, less than 40% of patients weigh daily, and less than 33% know how to act appropriately in regard to information about their weight gain. 13, 14 Weight gain is a marker for ineffective self-care demonstrating an inability to adhere to the required components of heart failure management.
Despite the logical link between cognitive function, daily weighing, and weight gain, to our knowledge, no investigators have examined whether cognitive function predicts adherence to daily weighing and actual weight gain as an indicator of the need to take action. This evidence could help our understanding of whether cognitive deficits result in poor heart failure outcomes because they promote poor adherence to daily weighing, greater weight gain, or failure to act appropriately in response to weight gain. Thus, the purposes of this study were (1) to examine whether cognition is associated with adherence to daily weighing and weight gain incidence and (2) to describe the relationship between weight gain awareness and self-management behaviors. We hypothesized that greater cognitive deficits would be associated with reduced adherence to daily weighing and greater weight gain incidences.
Methods

Participants
The parent study consisted of 372 patients with heart failure who are 55 years or older and enrolled in the Heart Failure Adherence, Behavior, and Cognition Study. Most participants were recruited from the outpatient settings (n = 350) (see Figure for a sample diagram explaining eligibility criteria and attrition). We have described the sample in detail in previous reports. 15Y17 The current investigators used data from 301 participants who provided data on weighing adherence and 275 participants who provided actual weight data to determine weight gain incidence. There were no differences between those who provided data and those who did not on baseline demographic or study variables.
Procedures
All patients were recruited from inpatient and/or outpatient cardiology practices in northeast Ohio and gave their consent to participate. Procedures were approved by the institutional review boards of Kent State University; Summa Health Systems, Inc; and University Hospitals Case Medical Center. A research assistant conducted a series of assessments during visits to the patients" homes.
Neuropsychological testing and self-report questionnaires were administered at the first home visit (visit 1). Participants were given an HF self-management knowledge test to identify baseline HF knowledge. If a deficit was noted, instruction was given related to taking medications, adhering to a 2-g sodium diet, weighing themselves daily, and calling their physician for weight gain of 2 to 3 lb in 24 hours or 5 lb in 1 week at the beginning of the study. At the second home visit 1 to 2 weeks later, the research staff installed a scale in the participant"s home and instructed the participant on use of the scale (visit 2). The research staff provided contact information and written instructions in case the participant encountered any difficulties. Participants were instructed to weigh themselves as they normally would and to record their weights on a paper calendar that was provided. The number of days between visits 2 and 3 served as a run-in period for the participants to familiarize themselves with the scale and to ensure proper use (run-in period, 1 week). The run-in period was important to identify that participants did not have device failure and understood the directions. The period between home visits 3 and 4 (21 days) was used to calculate the main outcome, daily weighing adherence. There were no reports of difficulty using the paper calendar weight logs.
Measures
Cognitive Functioning
Cognitive functioning was measured across multiple domains using neuropsychological tests that have strong validity and reliability. The 3 cognitive domains were as follows: (1) attention, the capacity to attend to and process information; (2) executive function, the capacity to problem solve, plan, inhibit, and reason; and (3) memory, the capacity to retain and recall verbal information. The individual tests used to assess each of these domains are presented in Table 1 and included the Rey Auditory Verbal Learning Test, 18 the Stroop Test, 19 the Trail Making Test, 20 Letter-Number Sequencing from the Wechsler Adult Intelligence Scale, 21 and the Frontal Assessment Battery. 22 Daily Weighing Adherence All participants were provided an electronic scale and instructed to weigh themselves as they usually would and record their weight on a paper calendar provided by a research assistant. Daily weighing adherence was defined as the number of days that the participant weighed themselves divided by the total number of days monitored (maximum of 21 days), excluding days that the participant knowingly did not use the scale (eg, out of town, hospitalized).
Weight Gain Incidences
Research staff calculated the number of times that a patient gained 3 lb or more in 1 day considering 3Yconsecutive day intervals by examining the daily weights. The patient was classified as having a weight gain incidence if the research staff identified at least one of these incidences in his/her daily weighing calendar.
Weight Gain Symptom Awareness and Management Behavior Self-care behaviors related to the management of weight gain were measured using the Self-Care of Heart Failure Index (SCHFI). 23 We used the SCHFI data from visit 4 only after weight monitoring ended. We modified the original SCHFI item, which asks about breathing or ankle swelling, to include, ''Have you had a weight gain of at least 2-3 pounds in a day or 5 pounds in a week?'' In addition, we added, ''If you had an increase in weight, how likely are you to try a symptom remedy? (ie, reduce salt or fluid, take water pill, or call your doctor).'' At baseline, participants were also asked when they should call a doctor or nurse regarding weight gain. Participants were considered correct if they answered ''2-3 pounds in a day or 5 pounds in a week.'' Participants who answered with the incorrect answer were provided standard education on daily weight monitoring.
Covariate Age, gender, race, and body mass index were collected from the patients" medical charts. Comorbidity was measured using the Charlson Comorbidity Index, which is a summary score of comorbid medical conditions collected from the medical chart. 24 Socioeconomic status was estimated by calculating a z score using indicators of income and education for each zip code, with higher scores indicating higher socioeconomic status. 25 Participants self-reported their highest level of education completed. Participants also self-reported symptoms of heart failure used to classify their heart failure severity based on the New York Heart Association functional classification (class I, no limitation; class II, slight limitation; class III, marked limitation; and class IV, severe limitation). Depression was assessed with the Patient Health Questionnaire-9. 26 The Multidimensional Scale of Perceived Social Support was used to measure social support. 27 The Medical Term Recognition Test was used to assess health literacy. 28 
Data Analysis
Raw neuropsychological test scores were converted to age-adjusted scaled scores using normative data for each cognitive test. These scaled scores were converted to t scores (mean [SD], 50 [10] ) and were averaged to create a composite t score to generate the most accurate measure of cognition for each domain: attention, executive function, and memory. Higher scores indicate more intact cognitive functioning, whereas lower scores reflect more impaired cognitive functioning.
The characteristics of participants were summarized using mean (SD) for continuous variables and frequencies and percentages for categorical variables. For a variety of reasons, there were missing values in multiple variables, and the missing data were assumed to be missing at random. Multiple imputations for unbiased parameter estimates were used to impute 20 data sets using a multivariate normal regression model, and standard errors of the estimates were corrected appropriately. The multivariate normal regression method used an iterative Markov chain Monte Carlo method to impute missing values. There were no differences in results comparing the imputed and nonimputed data.
The outcome of interest, daily weighing adherence, was negatively skewed; no transformation method could be applied to make the distribution normal. Therefore, median regression, a robust regression procedure, was used to analyze the association between the covariates (demographic, medical, and psychosocial factors) and daily weighing adherence. Then, the associations between cognitive function, daily weighing adherence, and weight gain were examined while adjusting for covariates associated with the outcomes using a multivariable median regression model. Next, logistic regression was used to analyze the associations between the covariates (demographic, medical, and psychosocial factors) and experience of a weight gain incidence. Then, the association between cognitive function and experience of a weight gain incidence was examined using logistic regression while adjusting for significant covariates. All the analyses were performed using STATA 13 software (StataCorp LP, College Station, Texas). Descriptive and # 2 statistics were used to describe weight gain symptom awareness and management of weight gain.
Results
Demographic, Medical, and Psychosocial Characteristics of the Sample
Baseline descriptive data for the study sample (N = 301) are listed in Table 1 . Of the 8.6% participants (n = 26) who did not provide weight data, there were no differences in baseline demographic and cognitive variables compared with those who provided data. The reasons these participants did not provide weight data included not writing down their weight in their log or not using the electronic scale. We recruited 22 patients from the inpatient setting, and these participants were younger than the outpatient participants but were not different on any other baseline factors. Most participants were older (68.7 [9.7] years), white (72.0%), male (59.7%), and with at least a high school education (87.3%). Most were categorized as New York Heart Association class II or III heart failure severity (84.9%), with a mean (SD) comorbidity score of 3.4 (1.8). Mean composite scores for each cognitive domain and individual test are presented in Table 1 . On average, participants weighed themselves nearly 77% of the days. Approximately 36% (n = 108) of the participants experienced a weight gain incidence during the study period, and only 35% (n = 105) had baseline knowledge of when to call the doctor regarding weight gain.
Predictors of Daily Weighing Adherence
None of the demographic, medical, psychosocial, or cognitive variables were significantly associated with daily weighing adherence ( Table 2) . None of the cognitive variables (attention, executive function, memory) were associated with daily weighing adherence in the unadjusted or adjusted median regression models (Table 3) . experiencing a weight gain incidence (Table 4) . For every unit increase in attention, participants were 6% less likely to experience a weight gain incidence. For every unit increase in executive function, participants were 3% less likely to experience a weight gain incidence. For every unit increase in memory, participants were 5% less likely to experience a weight gain incidence.
Self-Reported Weight Gain Symptom Awareness and Management Behaviors
At baseline, only 35% (n = 105) of our sample knew when to call a provider regarding weight gain. Likewise, among those who experienced weight gain (n = 102), only 36% knew this information at baseline. Of the 102 individuals who had a weight gain and filled out the Self-Care of Heart Failure Index, 65% (n = 66) did not self-report the weight increase on the Self-Care of Heart Failure Index. Problematically, if patients did not identify this symptom, they were then unlikely to answer the question regarding which management strategy they pursued to address it (ie, 12% of the patients with a weight gain who completed the SelfCare of Heart Failure Index failed to answer the question regarding management strategies/remedies). Accordingly, it may not be surprising that the patients with a weight gain did not report a higher likelihood of using any of the following symptom management strategies compared with patients without a gain: reduce salt (# 
Discussion
Our hypothesis that greater cognitive deficits would be associated with reduced adherence to daily weighing and greater weight gain incidences was partially supported. We found that cognitive function was not associated with daily weighing behavior in patients with heart failure, but diminishing cognitive function increased the likelihood of experiencing a clinically significant weight gain. This effect remained after adjustment for multiple demographic and psychosocial variables and heart failure severity.
One potential reason that we did not detect an association between cognitive function and daily weighing behavior may be that individuals in this sample, on average, had good adherence to daily weighing (76.5%). This high rate of adherence may have resulted from our study design, in which we provided all participants with a scale, a written log (calendar), and instructions to record daily weights. These instructions and instruments could have unintentionally served as an intervention to increase daily weighing behavior among study participants. It is also possible that the sample was biased due to the attrition rate (ie, those who dropped out had reduced adherence); however, no differences in baseline study variables were noted.
Despite the lack of association between weighing behavior and cognitive function, our finding that patients with cognitive impairment are at an increased risk for clinically significant weight gain has important implications. Sudden increases in weight are associated with increased hospitalization 11 and rates of mortality. 29 Thus, our findings suggest that adults with cognitive impairment need to be monitored more closely for increased weight gain incidences. The clinical implications include identification of patients at risk and implementing a system for reporting daily weights. Telehealth strategies would be beneficial for patients with cognitive impairment to improve communication of weight status. Poorer outcomes may partially result from a lack of awareness/knowledge of what constitutes a clinically significant increase in weight that would require intervention such as contacting a healthcare provider. Baseline testing indicated that more than 60% of the participants who experienced a clinically significant weight gain were unaware at baseline of when to call a doctor or nurse regarding weight gain (despite being given instructions at the beginning of the study). Such findings suggest that interventions to increase daily weighing may not be effective at improving health outcomes if adults do not recognize the weight gain or pursue symptom management such as calling the doctor/nurse regarding weight gain. In line with this possibility, White and colleagues 30 demonstrated that daily weight monitoring was not associated with medical-seeking behavior. Although 75% of the participants experienced a clinically significant weight gain, only one sought medical attention. 30 Future studies should examine potential ways to increase the cue to action by possibly visually graphing data so that increases can be seen, setting an alarm to alert adults with heart failure that a clinically significant weight gain has been detected, or simulating to practice the behavior to increase efficacy.
Delay in responding to heart failure symptoms has been reported. Contextual factors for delay in action include previous illness experiences and social and emotional factors. 31 In addition, not reporting weight gain may be related to patients" interpretation that the weight gain is unrelated to their heart failure condition. If these patterns are detected, family members can be encouraged to assist by monitoring weight and providing assistance for reporting.
Several limitations of this study are noted. First, generalizability of the findings to individuals of other race/ethnicities and geographical locations may be an issue given that the participants were mostly whites (72%) who reside in the midwest United States. Second, the weighing behavior collected in this study may not represent the participants" typical routine, given that the study design may have encouraged daily weighing (ie, a pseudo-intervention effect). Although these limitations exist, there are also several strengths in this study. First, the study consisted of a large sample size. Furthermore, the data collected included a rigorous array of criterion standard neuropsychological tests to ensure the most accurate estimate of cognitive function.
Cognitive function was not associated with daily weighing adherence in this sample of older adults with heart failure. Given a weight scale, a calendar, and instructions, most participants had high adherence to daily weighing recommendations regardless of cognitive status. Those with diminishing cognitive function, however, were at an increased risk of weight gain. Unfortunately, most of those who experienced a clinically significant weight gain were unaware of when to seek medical attention regarding that bodily change. Findings suggest that patients with heart failure may benefit most when health professionals not only promote daily weighing but also emphasize the importance of recognizing clinically significant weight gain and seeking medical attention when this weight gain is detected.
What's New and Important h Poorer cognitive function increased the likelihood of experiencing a clinically significant weight gain in adult patients with heart failure. h More than 60% of the participants with a clinically significant weight gain were unaware at baseline of when to call a provider regarding weight gain (despite being given instructions at study initiation). h Patients with heart failure may benefit most when health providers not only promote daily weighing but also emphasize the importance of recognizing clinically significant weight gain and seeking medical attention when this weight gain is detected.
